Abstract. We apply a unitary approach together with a set of hidden-gauge Lagrangians to study the vector-vector interaction. We study the case of the ρ(ω)D * interaction within the model. In I = 1/2 we get strong enough attraction to bind the system. Concretely, we get one resonance for each spin J = 0, 1, 2. For J = 1 and 2 these resonances can be easily identified with the D * (2460) and D * (2640). Whereas the state for J = 0 with mass M ∼ 2600 MeV is a prediction of the model. In I = 3/2 we get a repulsive interaction and hence no exotic dynamically generated states.
INTRODUCTION
In this talk, we report several works that combine coupled channel unitarity and hidden-gauge Lagrangians for the interaction of vector meson among themselves. These Lagrangians were introduced by Bando-Kugo-Yamawaki [1] and combined with unitary techniques related with the Bethe-Salpeter equation, provide a useful tool to generate resonances or bound states if the interaction is strong enough. These techniques were firstly applied to study the ρρ interaction and the interaction was strong enough to bind the ρρ system [2] . Thus, two bound states appeared as poles in the second Riemann sheet that could be identified with the f 2 (1270) and the f 0 (1370). The decay of these resonances to two or four pions was provided by a box or crossed box diagram from two ρ mesons going to pions. These box diagrams provided a width comparable with the data quoted at the PDG [3] , leading to satisfactory results on the mass, width and quantum numbers, as well as couplings, and thus, these dynamically generated resonances can be seen as hadronic molecules. Later works that we quote in the next Section have extended the model to study the vector-vector interaction in SU(3) and the ρ(ω)D * system.
In this manuscript we want to summarize briefly the formalism of the vector-vector interaction. Then, we want to show the simple case of the ρ(ω) D * interaction.
FORMALISM: THE VV INTERACTION
Within the theorical framework, there are two main ingredients: first, we take the Lagrangians for the interaction of vector mesons among themselves, that come from the hidden gauge formalism of Bando-Kugo-Yamawaki [1] . Second, we introduce the potential V obtained from these Lagrangians (projected in s-wave, spin and isospin) in the Bethe Salpeter equation:
where G is the loop function. Therefore, we are summing all the diagrams containing zero, one, two... loops implicit in the Bethe Salpeter equation. Finally, we look for poles of the unitary T matrix in the second Riemann sheet. All this procedure is well explained in [2, 4] . In these works, two main vertices are taken into account for the computation of the potential V : the four-vector-contact term and the three-vector vertex, which are provided respectively from the Lagrangians:
By means of Eq. (3), the vector exchange diagrams in Fig. 1 are calculated. The diagram in Fig. 1d ) leads to a repulsive p-wave interaction for equal masses of the vectors [2] and only to a minor component of s-wave in the case of different masses [4] . Thus, the four-vector-contact term in Fig. 1a ) and the t(u)-channel vector exchange diagrams in Fig. 1c ) are responsible for the generation of resonances or bound states if the interaction is strong enough. In order to consider the pseudoscalar-pseudoscalar decay mode, and thus compare properly with the available experimental data for the width, a box diagram is also included, which we show in Fig. 2 for the particular case of the ρρ system. Crossed box diagrams and box diagrams involving anomalous couplings were also calculated in [2] , but they were much smaller, specially in the case of the anomalous coupling, than the contributions coming from the box diagrams in Fig. 2 and they were not considered in later works [4, 5, 6 ]. As we are interested in the region close to the two vector meson threshold, the three momenta of the external particles can be neglected compared with the mass of the vector meson, and thus, we can make | q|/M ∼ 0 for external particles, which considerably simplify the calculation. In Table 1 , the eleven states found with this procedure in the work of [4] , where the formalism is applied in SU(3), are shown. As one can see in this table, five of them can be identified with data in the PDG:
In this work, the integral of two-meson-vector loop function is calculated by means of the dimensional regularization method. This requires the introduction of one parameter, which is the subtraction constant, that is tuned to reproduce the mass of the tensor states, whereas the other states are predicted. In order to calculate the box diagrams, one has to introduce two parameters, the cut-off, Λ, for the integral, and one parameter, Λ b , involved in the form factor used. These parameters were considered to be around 1 GeV and 1.4 GeV respectively in [2] to get reasonable values of the f 0 (1370) and f 2 (1270) widths. In the later work of [4] , these values of Λ and Λ b also provide a good description of the widths for the other states, as shown in Table 1 .
As one can see, the model in SU(3) provides a good description of the properties of many physical states. In the next sections, we generalize the model to SU(4), where interesting new states will appear.
Box diagrams for the case of the ρρ interaction.
THE ρ(ω) D * SYSTEM
In this section we describe the simple case of the channels with C = 1 and S = 0 within the formalism of the vectorvector interaction introduced by Bando-Kugo-Yamawaki [1] . We have a set of three channels: ρD * , ωD * and D sK * . In fact, we want to focus the attention to the energy region around 2500 − 2600 MeV, where there are several interesting resonances that can be found in the PDG. In view of the previous works of [2, 4] , we hope to find a binding energy of ∼ 200 − 300 MeV and the threshold of the D sK In order to follow the procedure of the works of [2, 4] , the V matrix is straigthforward extended to SU(4), as it was done in the work of [7] :
where the ideal mixing has been taken for ω, φ and J/ψ. The details of the full procedure that we try to summarize in this section are well explained in [5] . Besides the four-vector contact diagrams, we have two kinds of vector-exchange diagrams, one is the exchange of one light vector meson, ρ or ω, and the other one is the exchange of a heavy vector meson, D * . Of course, the last terms are proportional to κ = ∼ 0.15, and this gives rise to corrections of the order of 10% of the ρ-exchange terms. Also, the ρρω and the ωωω vertices violate G-parity, whereas the ρωω vertex violates isospin, therefore, we do not have the exchange of one light vector meson in the V (ρD * → ωD * ) and V (ωD * → ωD * ) potentials. For this reason, these two terms, where only the four-vector contact term plus the D * -exchange term contributes , are smaller compared with the V (ρD * → ρD * ), term that mainly provides the interaction. As can be seen in Table 2 , this term is of the order of −300 MeV in I = 1/2. This magnitude is responsible to bind the ρD * system and comes mainly from the ρ-exchange term of V (ρD * → ρD * ). This minor relevance of the ωD * channel appears when one calculate the couplings g i to one particular channel i by means of the residues of the amplitudes [5] that we show in Table 3 . In I = 3/2, it is interesting to see that we get a repulsive interaction without any possible generated exotic states.
We get three states with I = 1/2 and J = 0, 1 and 2 respectively. We have fixed the value of µ as 1500 MeV and we have fine-tuned the subtraction constant α around its natural value of −2 [8, 9] , in order to get the position of the D * 2 (2460) state at the PDG. Thus, we have chosen the value of α = −1.74. Because of the strong interaction we get three bound states with practically no width except by the small width provided by the convolution of the ρ propagator to take into account its decay in two pions. But, the later inclusion of the πD box diagram allows us to get some more width comparable with the data in the PDG as can be seen in Table 4 . In order to calculate the πD-box diagram, two different form factors for the vector-two-pseudoscalar vertex are considered. One is used in the works of [2, 4] , which is inspired by the empirical form factors used in the study of vector meson decays [10] . The other one, is an exponential parametrization for an off-shell pion evaluated using QCD sum rules [11] using at the same time the experimental value of the D * Dπ coupling, g exp D * Dπ [5] . In both cases we get reasonable values of the width, with the preference, of course, for the use of g TABLE 2. V (ρD * → ρD * ) for the different spin-isospin channels including the exchange of one heavy vector meson. The approximate Total is obtained at the threshold of ρD * . Table 5 we show the uncertainties related to the SU(4) breaking due to the use of the parameter g = m V /2 f in the Lagrangian. In this table we distinguish three different cases in which we use g 2 , g g D or g 2 D in the amplitudes obtained, see Table 2 , with g = m ρ /2 f π and g D = m D * /2 f D , and fixing the α parameter to get the pole position of the tensor state. This is always done and therefore this method provides a realistic way of looking at the uncertainties. We can see in this table that the changes in the mass of the other states are around 20 MeV, which is quite small, and even if one fixes alpha and looks for the uncertainties using g 2 , g g D or g 2 D , then the changes in the mass are around 70 − 90 MeV, which are typical in any hadron model.
CONCLUSIONS
We have studied the ρ(ω)D * interaction combining coupled channel unitarity and the hidden gauge Lagrangians for the interaction of vector mesons. We find a strong interaction that provides one bound state for each spin J = 0, 1 and 2. We can assign the states with J = 1 and 2 to the D * (2640) and D * 2 (2460) respectively, whereas the state obtained for J = 0 is a prediction of the model: 'D * 0 (2600)'. In this scheme, the D * 2 (2460) and the D * 0 (2600) decay to πD by means of a box diagram. However, this decay is not possible for J = 1, providing a natural explanation on why, whereas this state is heavier than the D * 2 (2460), its width found in the PDG is very small compared to that, Γ < 15 MeV, and the decay to πD has not been observed either. The results obtained here should stimulate the search for more D states in the region of 2600 MeV. 
